Abstract: Coronary artery ectasia (CAE) is one of the uncommon cardiovascular disorders. Its incidence ranges from 1.2%-4.9%. Coronary artery ectasia likely represents an exaggerated form of expansive vascular remodeling (i.e. excessive expansive remodeling) in response to atherosclerotic plaque growth with atherosclerosis being the most common cause. Although, it has been described more than five decades ago, its management is still debated. We therefore reviewed the literature until date by searching PubMed and Google scholar using key words "coronary artery ectasia", "coronary artery aneurysm", "pathophysiology", "diagnosis", "management" either by itself or in combination. We reviewed the full articles and review articles and focused mainly on pathophysiology, diagnosis and management of CAE.
INTRODUCTION
Coronary artery ectasia (CAE) or coronary artery aneurysm is the aneurysmal dilatation of coronary artery. It is defined as a dilatation with a diameter of 1.5 times the adjacent normal coronary artery based on CASS registry [1] . Its prevalence ranges from 1.2%-4.9% [2] with male to female ratio of 3:1 [2, 3] . The prevalence of CAE and comorbidities in the various studies are summarized in Table 1 .
It is commonly classified based on the shape and the extent of involvement of coronary arteries.
Classification based on shape: a) Saccular-transverse diameter is greater than the longitudinal dimension.
b) Fusiform-transverse diameter less than the longitudinal dimension.
Markis et al. [3] has classified CAE into four types ( Table 2) .
The proximal and middle segments of the right coronary artery (RCA) are the most common sites for CAE (68%) followed by the proximal left anterior descending (LAD) (60%) and the left circumflex arteries (LCx) (50%). Coronary artery ectasia of the left main (LMCA) is rare and occurs in only 0.1% of the population [1, 8] . Figures 1a and 1b shows the coronary artery ectasia on a coronary angiogram. 
ETIOLOGY
Congenital and acquired causes of CAE have been described below in Table 3 . Atherosclerosis is the most common etiology [9] .
PATHOGENESIS
Coronary artery aneurysm form as a result of interaction of various pathologic mechanisms which are summarized in the Fig. 2 [10] .
Hypothesis of Remodeling
Coronary ectasia likely represents an exaggerated form of expansive vascular remodeling (i.e. excessive expansive remodeling) in response to atherosclerotic plaque growth. A variety of factors described below effect the enzymatic degradation of the extracellular matrix of the media which appears to be a fundamental pathologic process [10] . Proteolytic enzymes such as cysteine proteinases (e.g. cathepsins K, L, and S) and serine proteinases (e.g. neutrophil elastase, plasminogen activators, plasmin, chymase and tryptase) also play an important role in the pathogenesis of coronary ectasia [11] .
Role of Various Factors
Elevated homocysteine levels may facilitate the degradation of the medial arterial layer by inducing serine proteinase activity in arterial smooth muscle cells, as well as by activating matrix metalloproteinase (MMP) 2 [10] . Hyperinsulinemia may exacerbate the remodeling process in the setting of coronary atherosclerosis by stimulating the proliferation and migration of vascular smooth muscle cells from the arterial media and interfering with extracellular matrix production [12] . Chlamydia pneumoniae has been implicated in the pathogenesis of the ectasia by producing heat shock protein 60 which regulates MMP enzymes [13] . Several factors involved in the atherosclerotic process, such as accumulation of lipoproteins into the intima, inflammatory cell infiltration, renin-angiotensin system activation and generation of oxidative stress leads to excessive expansive arterial remodeling. Increased levels of NO caused vasodilatation and increased expression of MMP resulting in ectasia [14] . Coronary hemodynamics, in particular low endothelial shear stress predisposes to atherosclerosis and formation of vulnerable plaque and aneurysm formation [15] .
As a result of these processes, histological evaluation ( Fig. 3) showed marked degradation of cystic medial Mohammed Atiq Almansori et al. [7] 1115 67 6% 64% 59% 59% N/A N/A-not available Table 2 . Classification based on extent of involvement.
Type 1
Diffuse ectasia with aneurysmal lesions in two vessels.
Type 2
Diffuse ectasia in one vessel and discrete ectasia in another.
Type 3
Diffuse ectasia in one vessel.
Type 4
Discrete ectasia in one vessel. Table 3 . Causes of coronary artery ectasia.
Causes Frequency
Congenital: frequently associated with other cardiac abnormalities such as bicuspid aortic valve, aortic root dilatation, ventricular septal defect or pulmonary stenosis. Fig. (2) . Pathogenesis of coronary artery ectasia. RAS-Renin Angiotensin system. A number of factors implicated in the atherosclerotic process promote the expression and activity of matrix degrading enzymes, which cause severe disruption in the internal elastic lamina (IEL) and provide a gateway for the inflammatory cells to extend into the media, favoring excessive expansive remodeling and ultimately leading to formation of coronary ectasia. Adapted with permission from A.P. Antoniadis et al. [6] . degeneration and lymphohistiocytic infiltration in the tunica media [16] . Cystic medial degeneration was not present outside of the aneurysm.
Genetic factors have also been implicated in pathogenesis of CAE. Angiotensin converting enzyme DD genotype polymorphism seems to be a potent risk factor for the development of CAE [17] . Lamblin et al. showed that (MMP-3 5A) allele is associated with the occurrence of CAE [18] . Also, CAE is six times more frequent among patients with familial hypercholesterolemia than in a control group, suggesting a link between abnormal lipoprotein metabolism and aneurysmal coronary artery disease [19] .
RISK FACTORS
CAE is more common in males. Hypertension is a risk factor [1] . Interestingly, patients with DM have low incidence of CAE. This may be due to down regulation of MMP with negative remodeling in response to atherosclerosis [20, 21] . Smoking appears to be more common in patients with CAE than in those with coronary artery disease (CAD). Cocaine use was also found to be an independent predictor of CAE irrespective of smoking [22] .
CLINICAL FEATURES
Stable angina is the most common presentation in patients with CAE [23] . Patients with CAE without stenosis had positive results during myocardial perfusion scintigraphic evaluation and treadmill exercise tests [24, 25] . In patients with isolated CAE, the extent of the ectasia and backflow phenomenon in an ectatic left anterior descending artery were identified as the most important angiographic predictors of ischemia on exercise testing [26] . ST-elevation myocardial infarction (MI) [27] , non-ST elevation MI [28] can occur from altered blood flow [29, 30] by distal embolization or occlusion of ectatic segment with thrombus.
Complications such as thrombus formation, distal embolization, shunt formation and rupture can occur but the absolute risk is not known [31] . Coronary artery ectasia may also break through into the right atrium, right ventricle, or coronary sinus, creating left-to-right shunts.
DIAGNOSIS
Coronary angiography has been diagnostic modality of choice until newer modalities like coronary Magnetic resonance angiogram (MRA) and coronary computed tomography angiogram (CTA) has become available. Angiography shows disturbances in blood flow filling and washout, which are associated with the severity of ectasia. Angiographic signs of turbulent and stagnant flow include delayed antegrade dye filling, a segmental back flow phenomenon, and local deposition of dye in the dilated coronary segment.
Coronary MRA has been shown to be equal to quantitative coronary angiography with the additional advantage of being a noninvasive technique [32, 33] . Coronary MRA may offer further valuable information, when complemented with coronary flow data, about the possibility of thrombotic occlusion of the aneurysmal vessels. Additionally MRA, being a noninvasive, non-radiating technique, can be used efficiently for follow up of these patients.
Coronary CTA is another noninvasive modality used to diagnose CAE [34] . Coronary CTA can be suggested as a technique of choice for the follow up of patients because of improvements in terms of radiation dose with the current protocols.
Intra vascular ultra sound (IVUS) is an excellent tool for assessing luminal size and characterizing arterial wall changes. IVUS correctly differentiates true from false aneurysms caused by plaque rupture. Emptied plaque cavities may appear angiographically as CAE and the distinction is of clinical importance, as false aneurysms may lead to acute coronary syndromes [35] .
MANAGEMENT
Management is similar to that of CAD with few exceptions. It includes medical, angioplasty with stent and surgical modalities.
MEDICAL MANAGEMENT
It is a controversial area as there is lack of evidence based medicine. Aspirin was suggested in all patients be-cause of coexistence of CAE with obstructive coronary lesions in the great majority of patients and the observed incidence of myocardial infarction, even in patients with isolated coronary ectasia [36] . The role of combined antiplatelet therapy, with the addition of adenosine diphosphate inhibitors, has not yet been evaluated in prospective randomized studies. It has been shown that plasma levels of P-selectin, beta thromboglobulin and platelet factor 4 are elevated in isolated CAE patients when compared with control participants who have angiographically normal coronary arteries, suggesting an increased platelet activation [37] . Based on the significant flow disturbances within the ectatic segments, chronic anticoagulation with warfarin as main therapy was suggested [38] . However, this treatment has not been tested prospectively, and could not be recommended unless supported by further studies and until then should be based on risk versus benefit [39] .
Medications such as ACE inhibitors, statins may be useful in affecting the disease progression. Based on the association of ACE gene polymorphism and CAE, ACE inhibitors could be useful in the suppression of CAE progression, but this is yet to be proven [17] . Because elevated MMP-3 levels likely contribute to the development of coronary aneurysms, this matrix-degrading enzyme may represent an important therapeutic target. Statins could be beneficial by inhibiting MMP-3 activity, corticosteroids, IL-4 and by suppressing MMP expression [31, 40] . Administration of nitroglycerin and nitrate derivatives may induce angina pectoris in patients with CAE and should be avoided [41] .
PERCUTANEOUS INTERVENTION (PCI)
In patients with coexisting obstructive lesions and symptoms or signs of significant ischemia despite medical therapy, PTCA can be done. Polytertafluoroethylene (PTFE)-covered, balloon-expandable stent has been shown to be an effective device for the percutaneous management and for exclusion of coronary aneurysms [42] .
SURGERY
In the symptomatic patient not suitable for PCI, surgical excision or ligation of the CAE combined with bypass grafting of the affected coronary arteries can be the procedure of choice [43] . Good outcomes has been demonstrated after these procedures [44] .
PROGNOSIS
Long-term prognosis and outcome in patients with CAE is unknown. In the CASS registry no difference in survival was observed between patients with or without CAE [1] . Several studies thereafter failed to show a mortality difference between CAE and CAD and concluded that CAE is a variant of atherosclerosis that confers no additional risk [2, 39, 45] .
CONCLUSION
CAE incidence ranges from 1.2%-4.9%. It is a complex pathophysiological process involving the interaction of various pathways, in turn leading to excessive positive remodeling resulting in ectatic vessels. The prognosis is determined mainly by the severity of the coexisting obstructive CAD. Currently, there are no guidelines for treatment of CAE. Management is similar to that of CAD with few exceptions. Overall, management is hampered by lack of evidence. We need prospective studies and registries to further our knowledge in the management of this disorder.
